In a case of dihydrolipoyl dehydrogenase deficiency, there was not only an elevation of lactate and a-ketoglutarate but also of branched chain amino acids. The levels of branchedchain amino acids varied from the normal range to three times the upper limit of normal during the patient's lifetime, and alloisoleucine was detectable at all times. Examination of postmortem tissues revealed that the activity of branched-chain keto acid dehydrogenases was between zero and 10% of that in control tissues. It is suggested that the multiple defects seen in oxidative decarboxylation in this patient is the consequence of a single genetic deletion of an enzyme common to pyruvate dehydrogenase, a-ketoglutarate dehydrogenase, and branchedchain keto acid dehydrogenases.
Summary
In a case of dihydrolipoyl dehydrogenase deficiency, there was not only an elevation of lactate and a-ketoglutarate but also of branched chain amino acids. The levels of branchedchain amino acids varied from the normal range to three times the upper limit of normal during the patient's lifetime, and alloisoleucine was detectable at all times. Examination of postmortem tissues revealed that the activity of branched-chain keto acid dehydrogenases was between zero and 10% of that in control tissues. It is suggested that the multiple defects seen in oxidative decarboxylation in this patient is the consequence of a single genetic deletion of an enzyme common to pyruvate dehydrogenase, a-ketoglutarate dehydrogenase, and branchedchain keto acid dehydrogenases.
Speculation
The dihydrolipoyl dehydrogenase component of pyruvate, aketoglutarate, and branched-chain keto acid dehydrogenases is genetically and biochemically a single entity.
o compromise t h e a c t i v i t y a l s o of t h e a -k e t o g l u t a r a t e dehydrogenase complex: i n d i c a t i n g t h a t d i h y d r o l i p o y l dehydrogenase
i s shared i n common by t h e s e two enzymes ( 8 ) . The p a t i e n t concerned had e l e v a t e d l e v e l s of branched-chain amino a c i d s i n d i c a t i n g a p o s s i b l e involvement of t h e branched-chain k e t o a c i d d e h v d r o~e n a s e s i n t h e ~a t h o s e n e s i s of t h i s d i s e a s e .
In t h i s b r i e f co&unication we demonstrat; i n p o s t mortem t i s s u e from t h i s p a t i e n t t h a t t h e branched-chain k e t o a c i d dehydrogenase a c t i v i t y 1s d e f i c i e n t and t h a t t h e d e f e c t i s n o t a s s o c i a t e d with t h e decarboxylase p o r t i o n of t h e enzyme complex. CASE REPORT D e t a i l s of t h e c a s e r e p o r t a r e d e s c r i b e d i n r e f e r e n c e ( 8 ) . Levels of branched chain amino a c i d s throughout t h e l i f e of t h e p a t i e n t a r e shown i n Figure 1 .
MATERIALS AND METHODS
Branched-chain k e t o a c i d dehydrogenase was measured by t h e modified method of Taylor e t a l . ( l l ) , using (1-14~1-branchedchain k e t o a c i d s prepared from t h e corresponding l-14~-amino a c i d s by t h e method of Rudiger e t a l . ( 9 ) . Branched-chain k e t o a c i d decarboxylase was measured by t h e modified method of Reed and W i l l m s ( 7 ) .
RESULTS

PLASMA AMINO ACID LEVELS
The l e v e l s of a l l t h r e e branched-chain amino a c i d s were measured s e v e r a l t i m e s during t h e p a t i e n t ' s f i v e months i n hospit a l . They appeared t o be uniformely e l e v a t e d on f i v e o u t of t h e e i g h t t i m e s t h a t they were measured (Fig. 1 ) ; on two o c c a s i o n s t o markedly high l e v e l s .
Levels of a l l o i s o l e u c i n e of 10, 14 and 14uM were d e t e c t e d on t h r e e o c c a s i o n s , t h e r e b e i n g a t r a c e a t t h e o t h e r t i m e s of measurement.
A l l o i s o l e u c i n e i s u n d e t e c t a b l e i n t h e plasma of t h e normal i n d i v i d u a l .
POST MORTEM STUDIES
T o t a l a -k e t o i s o c a p r o a t e dehydrogenase measured on p o s t mortem kidney, l i v e r , and b r a i n showed t h a t t h e p a t i e n t had l e s s than 10% of normal a c t i v i t y i n each c a s e compared t o t h e o t h e r c o n t r o l s , Table 1 . a-Ketoisocaproate decarboxylase. on t h e o t h e r hand. appeared t o be i n t h e normal range i n both b r a i n and kidney, b u t appeared t o b e depressed i n t h e l i v e r . By measurement of t h e branched-chain k e t o a c i d dehydrogenases, we have shown t h a t t h i s p a t i e n t h a s l e s s t h a n 10% of t h e normal a c t i v i t y e x h i b i t e d by t h e s e enzymes i n l i v e r , b r a i n , and kidney.
The a c t i v i t i e s of a-keto-B-methylvalerate dehydrogenase and a -k e t o i s o v a l e r a t e dehydrogenase were a l s o l e s s t h a n 10% of normal a c t i v i t y i n l i v e r and b r a i n ( d a t a n o t shown). Enzyme a c t i v i t i e s o b t a i n e d f o r branchLChain k e t o a c i d dehydrogenase i n t h e c o n t r o l t i s s u e s were s i m i l a r t o t h o s e r e p o r t e d by Khatra
Severe d e f i c i e n c y ( < 2 % normal) a t t h i s p o i n t i n t h e metabolism of branched chain amino a c i d s l e a d s t o c l a s s i c a l Maple Syrup Urine
Disease (MSUD) ( 2 , 9 , 1 3 ) , w h i l e l e s s s e v e r e d e f i c i e n c y (2-8%) g i v e s a v a r i a n t MSUD with low p r o t e i n t o l e r a n c e , and d e f i c i e n c y a t 8-15% g i v e s a v a r i a n t MSUD with normal p r o t e i n t o l e r a n c e (3,10,12).
Though t h i s p a t i e n t had e l e v a t e d plasma branched-chain amino a c i d s t h e l e v e l s were a t no time g r e a t e r t h a n 0.8 mM, which i s i n d i c at i v e of a mild form of MSUD ( 6 ) . As f a r a s we can a s s e s s t h i s was n o t a major f a c t o r i n t h e d i s e a s e process which l e d t o h i s demise.
INTERPRETATION OF MULTIPLE DEFECTS I N OXIDATIVE DECARBOXYLATION I t has now been shown by us t h a t t h i s p a t i e n t was compromised a t t h r e e important sites, pyruvate dehydrogenase. a -k e t o g l u t a r a t e dehydrogenase ( 8 ) . and branched-chain k e t o a c i d dehydrogenase. A l l of t h e s e enzymes f o r o x i d a t i v e decarboxylation
of a-keto-acids have a s i m i l a r f u n c t i o n a l make-up c o n s i s t i n g i n each c a s e of t h r e e main c a t a l y t i c enzymes bound t o g e t h e r i n a d i s c r e t e multienzyme complex. The f i r s
t of t h e s e enzymes,or a-keto-acid decarboxylase ( E l ) , r e q u i r e s thiamine pyrophosphate f o r a c t i v i t y and i s r e s p o n s i b l e f o r t h e d e c a r b o x y l a t i o n of t h e c a r b o x v l f u n c t i o n a d i a c e n t t o t h e ketone aroun.
The second enzvme ( E 2 ) . 6r dlhydrolrpo;l t r a n s a c e t y l a s e , ha: boAund l l p o a t e r e s l d u e s and is responsible f o r t r a n s f e r r i n g t h e decarboxylated f u n c t i o n t o a coenzyme A moiety.
The t h i r d enzyme ( E 3 ) , o r d i h y d r o l i p o y l
dehydrogenase, i s r e s p o n s i b l e f o r t r a n s f e r of reducing hydrogen from l i p o a t e t o a f l a v o p r o t e i n and u l t i m a t e l y NAD. El i s l i k e l y t o be a d i f f e r e n t enzyme i n each of t h e t h r e e d i f f e r e n t k e t o a c i d dehydrogenase complexes s i n c e it d e a l s w i t h s t r u c t u r a l l y d i f f e r e n t k e t o a c i d s u b s t r a t e s , and i n inborn e r r o r s of pyruvate decarboxyl a s e (1.4) and branched-chain k e t o a c i d decarboxylase ( 9 ) a r e s e p a r a t e e n t i t i e s . E2 is a l s o l i k e l y t o be a d i f f e r e n t enzyme i n each of t h r e e complexes, a g a i n because it h a s t o d e a l with s t r u c t u r a l l y d i f f e r e n t s u b s t r a t e s . Eg a c t i v i t y , however, i n v o l v e s t h e same s u b s t r a t e i n a l l t h r e e complexes, it i s d e f i c i e n t i n o u r p a t i e n t , and its d e f i c i e n c y e x p l a i n s a l l of t h e enzymic d e l e t i o n s we have demonstrated i n t h i s p a t i e n t . 
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